
METHOD FOR FABRICATING A GATE STRUCTURE  OF A FIELD EFFECT TRANSISTOR
BACKGROUND OF THE INVENTION Field of the invention [0m] The present
invention generally relates to a method for fabricating devices on
semiconductor substrates. More specifically, the present invention relates
to a method  of fabricating a field effect transistor. Description of the
Related Art [0002) Ultra-large-scale integrated (ULSI) circuits typically
include more than one  million transistors that are formed on a
semiconductor substrate and which cooperate  to perform various functions
within an electronic device. Such transistors may Include  complementary
metal-oxide-semiconductor (CMOs) field affect transistors. [00031 A CMOS
transistor includes a gate structure that is disposed between a source
region and a drain region defined in the semiconductor substrate. The gate
structure  generally comprises a gate electrode formed on a gate dielectric
material. The gate  electrode controls a flow of charge carriers, beneath
the gate dielectric, in a channel  region that is formed between the drain
region and the source region, so as to turn the  transistor on or off. The
channel, drain and source regions are collectively referred to in  the art
as a "transistor junction". There is a constant trend to reduce the
dimensions of  the transistor junction and, as such, decrease the gate
electrode width in order to  facilitate an increase in the operational
speed of such transistors. (3 The gate electrode is generally formed of
doped polysilicon (Si), while the gate  dielectric material may comprise a
thin layer (e.g., 20 to 60 Angstroms) of a high  dielectric constant
material (e.g., a dielectric constant greater than 4.0) such as,  hafnium
dioxide (Hf{2), hafnium silicon dioxide (HISIO), hafnium silicon oxynitride
(HfSICN), and the like. Such dielectric materials having a dielectric
constant greater  than 4.0 are referred to In the art as "high-K"
materials. The gate dielectric material  may also comprise a layer of
silicon nitride (Si N4). silicon dioxide (Si02), and the like.  was] The
OMOS transistor may be fabricated by defining source and drain-regions in  



the semiconductor substrate (e.g., doping regions in the substrate using an
ion 1 implantation process). Thereafter, the material layers that comprise
the gate (e.g.,  high-K dielectric layer and polyslilcon layer) are
deposited on the substrate and  patterned using sequential plasma etch
processes-to the form the gate structure. t00D6 The plasma-etch process
used for patterning the polysilicon layer generally  includes gas
chemistries that produce polymeric residues, which may accumulate on
sidewalls of the gate structure. Thereafter, during subsequent plasma
etching of the  high-K dielectric layer, such residues may interfere with
processing of the substrate,  e.g., the residues may increase the
topographic dimensions of the gate structure..  Additionally, the polymeric
residues may contaminate the substrate or cause difficulties  in depositing
subsequent layers. [0007] Typically, the poiymeric residues are removed
using a wet etch prods.  However, such processes are time consuming and
increase the cost of fabricating the  gate structure. 1o0Oa1 Therefore,
there. is a need In the art for an improved method for fabricating a  gate
structure of a field effect transistor. SUMMARY OF THE INVENTION LOON] The
present invention is a method for fabricating a gate structure of a field
effect  transistor. The gate structure is formed by sequentially etching a
material stack  comprising a gate electrode layer formed on a gate
dielectric layer. Prior to etching the  gate dielectric layer, polymeric
residues formed on the substrate when the gate  electrode is etched are
removed. The polymeric residue Is removed by exposing the  substrate to a
plasma comprising one or more fluorocarbon containing gases. BRIEF
DESCRIPTION THE DRAWING 1Q01of The teachings of the present invention can
be readily understood by considering  the following detailed description in
conjunction with the accompanying drawings, in  which; 100111 FIG- 1
depicts a flow diagram of .41 method for fabricating a gate structure of a



r field effect transistor in accordance with one embodiment of the present
invention; [0012] FIGS. 2A 2F depict a series of schematic, cross-sectional
views of a substrate  2 having the gate structure being formed in
accordance with the method of FIG. 1; tda131 FIG. 3 depicts a schematic
diagram of an exemplary plasma processing  apparatus of the kind used In
performing portions of the inventive method; and 10014] FIG. 4 is a table
summarizing the processing parameters of one exemplary  embodiment of the
inventive method when practiced using the apparatus of FIG. 3. tow7 To
facilitate understanding, identical reference numerals have been used,
where  possible, to designate Identical elements that are common to the
figures. joo1s] It is to be noted, however, that the appended drawings
illustrate only exemplary  embodiments of this invention and are therefore
not to be considered limiting of its  scope, for the invention may admit to
other equally effective embodiments. DETAIi__ED DESCRIPTION tootrt The
present invention is a method for fabricating a gate structure of a field
effect transistor. such as a complementary metal-oxide-semiconductor (CMOS)
field  effect transistor. The gate structure is formed by sequentially
etching a material stack  comprising a gate electrode layer formed on a
gate d'ielectric layer. Prior to etching the  gate dielectric layer,
polymeric residues farmed on the substrate when the gate  electrode is
etched are removed. The polymeric residue is removed by exposing the
substrate to a plasma comprising one or more fluorocarbon containing gases
and at  least one inert gas. toosea FIG. 1 depicts a flow diagram of one
embodiment of the inventive method for  fabricating a gate structure of a
CMOS transistor as sequence 100. The sequence 100  includes the processes
that are performed upon a film stack of the gate structure  during
fabrication of the CMOs transistor. ions] - FIGS. 2A-2F depict a series of
schematic, cross-sectional views of a substrate  having a film stack of the
gate structure being fabricated using Sequence 100. The  



cross-sectonal views In FIGS. 2A-2F relate to individual processing steps
used to  fabricated the gate structure. To best i ?understand the
invention, the reader should  simultaneously refer to FIG. I and FIGS.
2A-2F. Sub-processes and lithographic  routines (e.g., exposure and
development of photoresist, wafer cleaning procedures, 8 and the Ike) are
well known in the art and, as such. are not shown in FIG. 1 and FIGS.  2A
2F. The images in FIGS. 2A 2F are not depicted to scale and are simplified
for  illustrative purposes Lao2ut The sequence 100 starts at step 101 and
proceeds to step 102, when a gate  electrode stack 202 is formed on a
substrate 200 (FIG. 2A). The substrate 200 (e.g. a  silicon (Si) wafer, and
the like) comprises doped source regions (wells) 232 and drain  regions
(wells) 234 that are separated by a channel region 236. in an alternate
embodiment, the substrate 200 may further comprise a barrier film 201
(shown in  broken line in FIG. 2A only) used to protect the channel region
236 from contaminants  (e.g., oxygen (02)) that may diffuse therein from
the gate electrode stack 202. The  barrier film 201 may comprise a
dielectric material such as silicon dioxide (Si02), silicon  nitride
(Si3Nd), and the like. (owl] The gate electrode stack 202 generally
comprises a gate electrode layer 206  and a gate dielectric layer 204. In
one exemplary embodiment, the gate electrode layer  206 Is formed of doped
polysilicon (Si), to a thickness of about 500 to 6000 Angstroms  and the
gate dielectric layer 204 is formed of hafnium dioxide (Hf00 to a thickness
of  about 10 to 60 Angstroms. Alternatively. the gate dielectric layer 204
may comprise  one or more high-K dielectric materials having a dielectric
constant greater than 4.0,  such as hafnium silicon dioxide (HfSID2),
hafnium silicon oxyriituide (HfSiON), and the  Bike. It should be
understood, however, that the gate electrode stack 202 may comprise  layers
formed of other materials or layers having different thickness. [am) The
layers that comprise the gate electrode stack 202 may be formed using any
conventional deposition technique, such as atomic layer deposition (ALD),
physical  vapor deposition (PVD), chemical vapor deposition (CVD). plasma
enhanced OVID  



(PECVD), and the like. Fabrication of the CMOS field effect transistors may
be  performed using the respective processing modules of CENTURe, ENDURe,
and.  other semiconductor wafer processing systems available from Applied
Materials. Inc. of  Santa Clara, California, Xp] At step 104, a patterned
mask 214 is formed on the gate electrode layer 206 in  region 220 (FIG.
2B), The patterned mask 214 defines the location and topographic
dimensions of the gate structure to. be formed. In the depicted embodiment,
the 4 patterned mask 214 protects the channel region 236 and portions of
the source region  232 and the drain region 234, while exposing adjacent
regions 222 of the gate  electrode stack 202_ [00243 The patterned mask 214
Is generally a hard mask formed of a material that is  resistant to
etchants used during fabrication of the gate structure, and which are
stable  at temperatures of up to $50 degrees Celsius. Temperatures of up to
350 degrees  Celsius may be used for removal of the polymeric residues and
for etching the gate  dielectric layer 204 (discussed below with reference
to step 108). The patterned mask  214 may comprise dielectric materials
such as, silicon dioxide (SIO2), a-carbon  (amorphous carbon), Advanced
Patterning FIrrP (APF) (available from Applied  Materials, Inc. of Santa
Clara, California), and the like. In one illustrative embodiment,  the
patterned mask 214 is formed of silicon dioxide (SiO2). [O425] The
patterned mask 214 may further comprise an optional anti-reflective layer
221 (shown with broken lines in FIG. 213) that controls the reflection of
light used to  pattern the mask. As feature sizes are. reduced,
Inaccuracies in the etch mask pattern  transfer process can arise from
optical limitations that are inherent to the lithographic  process. such as
fight reflection. The anti-reflective layer 221 may comprise, for  example,
silicon nitride (Si.N4), polyamides, and the like. [002$3 Processes of
applying the patterned mask 214 are described, for example, in  commonly
assigned U.S. patent applications serial number 101245,130. filed
September 16, 2002 (Attorney docket number 7524) and serial number
10/338,251,  



filed January 6, 2003 (Attorney docket number 7867), which are incorporated
herein by  reference. to027i At step 106, the gate electrode layer 208 Is
etched and removed in regions 222  forming a gate electrode 216 (e.g.,
polysilicon gate electrode) (FIG. 2C). The gate  electrode layer 208 may be
plasma etched using a halogen-containing gas mixture  comprising one or
more halogen-containing gases such as chlorine (C!2), hydrogen  bromide
(HBr), carbon tetrafuoride (CF4), and the like, The halogen-containing gas
mixture may optionally include an inert/diluent gas, such as at least one
of nitrogen  (N2), argon (Ar), helium (He), neon (No), and the like. In one
embodiment, step 106  uses the patterned mask 214 as an etch mask and
the.gate dielectric layer 204 (e.g., a hafnium dioxide layer) as an etch
stop layer. (00281 Step 106 can be performed in an etch reactor such as a
Decoupled Plasma  Source (DPS) II reactor of the CENTURAe system,
commercially available from  Applied Materials, Inc. of Santa Clara,
California. The OPS Ii reactor uses a power  source (i.e., an inductively
coupled antenna) to produce a high-density inductively  coupled plasma. To
determine the endpoint of the etch process, the DPS li reactor  may also
Include an endpoint detection system that monitors plasma emissions at a
particular wavelength. controls the process time, or performs laser
interferometery, and  the like. (oaasj In one illustrative embodiment, the
gate electrode layer, 206 comprising  polysilicon is etched in the DPS II
reactor by providing hydrogen bromide (HBr) at a  flow rate of 20 to 300
scam, chlorine (012) at a flow rate of 20 to 300 scorn (4e., a  HEr.CI2
flow ratio ranging from 1:15 to 15:1). nitrogen (N2.) at a flow rate of 0
to 200  scan, applying power to an inductively coupled antenna between 200
and 3000 W,  applying a cathode bias . power between 0 and 300 W and
maintaining a water  temperature between 20 and 80 degrees Celsius at a
pressure in the process chamber  between 2 and 100 mTorr. One exemplary
process provides hydrogen bromide (HBr)  at a flow rate of 40 scan,
chlorine (012) at a flow rate of 40 scorn (i.e_, a HBr..Ci2 flow  



ratio of about 1:1), nitrogen (N2) at a flow rate of 20 scorn, applies 1100
W of power to  the inductively coupled antenna, 20 W of cathode bias power
and maintains a wafer  temperature of 45 degrees Celsius at a chamber
pressure of 45 mTorr, Such a process  provides etch selectivity for
polysiiicon (layer 206) over hafnium dioxide (layer 204) of  at least
100:1, as well as etch selectivity for polysilican over silicon dioxide
(9i02)  (mask 214) of about 10., 1. Coaaaf During step 106, a portion of
the material removed from the gate electrode layer  200 combines with
components of the etohant gas mixture (e.g., halogen-containing  gases) as
well as components of the mask 214 forming non-volatile compounds. Such
non-volatile compounds may become re-deposited onto the substrate 200,
forming a  polymeric residue layer 207 (shown with broken lines In FIG.
2C). The polymeric  residue layer 207 is typically found on/the mask 214.
the sidewalls 205 of the gate  electrode 216, the surface 203 of the gate
dielectric layer 204, end elsewhere on the  substrate 200. The residue
layer 207 may typically have a thickness of about 10 to 60  6 Angstroms
across the topographic surfaces of the substrate 200. Eooo11 The polymeric
residue layer 207 is generally resistant to the etch chemistries  used for
patterning the gate dielectric layer 204 (discussed in reference to step
108  below)- As such, unless the residue layer 207 is removed from the
substrate 200. the  dimensional accuracy of the gate structure may be
compromised when the gate  dielectric layer 204 is subsequently patterned.
In one exemplary embodiment comer  regions 211 of the residue layer 207 may
act as a mask, having a width 21 5 that Is  wider than the desired width of
the gate structure being formed. jowl At step 108, the polymeric residue
layer 207 is removed and the gate dielectric  layer 204 is etched in
regions 222 (FIGS. 2D-2E). In general tams, step 100 uses  sequential
plasma etch processes comprising a first time period 110 during which the
polymeric residue layer 207 is removed followed by a second lime period 112
in which  the gate dielectric layer 204 is etched. f0aarf The first and
second time periods 110, 112 may be sequentially performed  



using either dedicated etch reactors or a single process chamber (i.e.,
in-situ), for  exam pie, in a Decoupled Plasma Source-High Temperature
(IMPS-HT) module of the  CENTUHAe system. The DPS-HT module and the DPS 11
module each have generally  similar configurations, however, substrate
temperature in the DPS-HT module may be  controlled within a range from
about 200 to 850 degrees Celsius. 100341 In one embodiment, steps 106 and
108 are, performed using etch reactors which  are components of a single
CENTURAO system. Step 106 may be performed, for  example, in a OPS II
module of the OENTIJRAsystem, then the substrate 200 may be  transferred
through a vacuumed plenum of the system, using a resident wafer robot, to
the DPS-HT module of the same system, in which step 100 may be performed.
Such  an embodiment protects the gate structure being fabricated from
contamination caused  by exposure to a non-vacuumed portion of the
manufacturing environment and  increases productivity for fabrication of
the gate structure. r j During the first time period 110, the polymeric
residue layer 207 Is removed from  the sidewalk 205 of the gate electrode
e16, the surface 203 of the gate dielectric layer  204, as well as
elsewhere on the film stack 202 and the substrate' 200 (FIG. 2D). In  one
exemplary embodiment, the first time period 110 uses an Isotropic plasma
etch  7 process including a gas mixture comprising one or more
fluorocarbon-containing gases'  (e. g-, carbon tetrafluoride (CF;)1
trifluoromethane (CH-3), fluoroethane (C2F6), and the  like) and at least
one inert gas (e. g., nitrogen (N2), argon (Ar), neon (No), and the like).
Isotropic plasma processes generally use a high-density plasma source
(e.g.,  inductively coupled plasma source), elevated substrate temperatures
(e.g., at least  about 204 degrees Celsius), and little (e.g., not greater
than about 30 W) or no (i.e.. 0  W) substrate bias. tU036) in one
illustrative embodiment, the polymeric residue layer 207 Is removed using
the DPS-HT module by providing carbon tetrafluoride (OF,;) at a flow rate
of 20 to 200  scam, nitrogen (N2) at a flow rate of 5 to 100 scam (i.e., a
CF4:N2 flow ratio ranging  from 1:5 to 40:1), applying power to an
Inductively coupled antenna between 200 and  



2000 W, applying a cathode bias power of not greater than about 30 W, and
maintaining a wafer temperature between 200 and 350 degrees Celsius at a
pressure  .In the.process chamber between 2 and 50 mTorr. One exemplary
process provides  CF4 at a flow rate of 100 scam, Nx at a flow rate of 20
scorn (.e., a GF4:N2 flow ratio of  about 5:1), applies 1000 W of power to
the antenna, 0 W of bias power, maintains a  wafer temperature of 350
degrees Celsius, and a pressure of 4 mTorr. Such a process  provides etch
selectivity for the residue (layer 207) over hafnium dioxide (layer 204) of
at least 60:1, as well as etch selectivity for the residue (layer 207) over
polysilicon  (layer 218) and silicon dioxide (5102) (mask 214)' of about
1:1 and about 1:1,  respectively. The duration of the first time period 110
is generally about 10 to 15  seconds. [00371 During the second time period
112, the gate dielectric layer 204 is etched and  removed in regions 222,
thereby forming a gate structure 240 in region 220 (FIG. 2E).  In one
exemplary embodiment, the second time period 112 uses a gas mixture
comprising a halogen-containing gas (e.g., chlorine (Cl), hydrogen chloride
(HOI),  boron tdohloride (f3Cl3), and the like) along with a reducing gas
(e.g., carbon monoxide  (CO), , oxygen (02), and the like) for etching the
hafnium dioxide (Hf02) high-K gate  dielectric layer 204. The second time
period 112 uses the patterned mask 214 as an  etch mask and the material
comprising he substrate 200 (e.g., silicon) as an etch stop  layer. (Co361
In one illustrative embodiment, the gate dielectric layer 204 comprising
hafnium  s dioxide 1s etched in the PPS-HT module using a gas mixture
incuding chlorine (Cl2) at  a flow rate of 2 to 300 scan, carbon monoxide
(CO) at a flow rate of 2 to 200 scan a 012-Go flaw ratio ranging from 1:5
to 5:1). applying power to an inductively  coupled antenna of between 200
and 3000 W, applying a cathode bias power between  0 and 300 W, and
maintaining a water temperature between 200 and 350 degrees  Celsius at a
pressure in the process chamber of between 2 and 100 rnTorr. One
illustrative process provides chlorine (C12) at a flow rate of 40 sccm,
carbon monoxide  



(CO) at a flow rate of 40 scxrnh (i.e., a C12:CO flow ratio of about 1:1),
applies 1100 W of  power to the inductively coupled antenna, 20 W of bias
power to the cathode and  maintains a wafer temperature of 350 degrees
Celsius at a chamber pressure of 4  mTorr. Such a process provides etch
selectivity for the hafnium dioxide (Hf42) (layer  204) over polysilicon
and/or silicon (layer 216, substrate 200) of at least 3:1, as well as  etch
selectivity for hafnium dioxide (HfW (layer 204) over silicon dioxide
(3102) (mask  214) of about 30:1. [00391 At stop 114, the patterned mask
214 1s, optionally, removed from the gate  structure 240 (FIG. 2F).
Processes for removing the patterned mask 214 are  described, for example,
in commonly assigned U.S.patent applications serial number  101245,130,
filed September 16, 2002 (Attorney docket number 7624) and serial  number
10/338,251, filed January 6. 2003 (Attomey docket number 7867), which are
incorporated herein by reference. [0040) At step i 16, the sequence 100
ends. 1U0411 FIG. 3 depifts a schematic diagram of the exemplary Decoupled
Plasma Source  (DPS) 11 or IMPS-HT etch reactor 300 that may be used to
practice portions of the  invention. The DRS iI and DPS-HT reactors are
generally used as process modules of  the CENTURAe system available from
Applied Materials, Inc. of Santa Clara,  California. [0042] The reactor 300
comprises a process chamber 310 having a wafer support  pedestal 816 within
a conductive body (wall) 330, and a controller 340. toaerai The chamber 310
is supplied with a substAntially flat dielectric coiling 320 (e.g.,  DPS
11, DPS-HT modules). Other modifications of the chamber 310 may have other
types of ceilings, e.g., a dome-shaped ceiling (e.g., DPS Plus module).
Above the  9 ceiling 320 is disposed an antenna comprising at least one
inductive coil element 312  (two co-axial elements 312 are shown). The
inductive coil element 312 is coupled,  through a first matching -network
313, to a plasma power source 318. The plasma  power source 318 typically
is capable of producing up to 3000 W at a tunable  



frequency in a range from 50 kHz to 13.66 MHz. foa44] The support pedestal
(cathode) 316 is coupled, through a second matching  network 324, to a
biasing power source 322. The biasing power source 322 generally  is
capable of producing up to 500 W at a frequency of approximately 13.66 MHz.
The  biasing power may be either continuous or pulsed power. In other
embodiments, the  biasing power source 322 may be a DC or pulsed DC source.
(ac4s] The controller 340 comprises a central processing unit (CPU) 344, a
memory  342, and support circuits 346 for the CPU 344 and facilitates
control of the components  of the chamber 310 and, as such, of the etch
process, as discussed below in further  detail. to In operation, a
semiconductor wafer 814 is placed on the pedestal 316 and  process gases
are supplied from a gas panel 338 through entry ports 326 to form a
gaseous mixture 350. The gaseous mixture 350 Is ignited into a plasma 355
in the  chamber 310 by applying power from the plasma source 318 and
biasing power source  322 to the inductive coil element 312 and the cathode
316, respectively. The pressure  within the interior of the chamber 310 is
controlled using a throttle valve 327 and a  vacuum pump 336. Typically,
the chamber wall 330 is coupled to an electrical ground  334. The
temperature of the wail 330 is controlled using liquid-containing conduits
(not  shown) that run through the wall 330. [mg?) The temperature of the
wafer 314 IS controlled by stabilizing a temperature of  the support
pedestal 316. In one embodiment, the helium gas from a gas source 348 is
provided via a gas conduit .349 to channels (not shown) formed in the
pedestal surface  under the wafer 314. The helium gas is used to facilitate
heat transfer between the  pedestal 316 and the wafer 314. During
processing, the pedestal 316 may be heated  by a resistive heater (not
shown) within/he pedestal to a steady state temperature and  then the
helium gas facilitates uniform heating of the wafer 314. Using such thermal
control, the wafer 314 is maintained at a temperature of between about 20
and 80 10 degrees Celsius for the DPS If module or between about 200 and
350 degrees Celsius  



for the DPS-HT module. [0045] Those skilled in the art will understand that
other etch chambers may be used to  practice the invention, including
chambers with remote plasma sources, electron  cyclotron resonance (ECR)
plasma chambers, and the like. [0049) To facilitate control of the process
chamber 310 as described above, the  Controller 340 may be one of any form
of general-purpose computer processor that can  be used in an industrial
setting for controlling various chambers and sub-processors.  The memory
342, or computer-readable medium, of the CPU 344 may be one or more  of
readily available memory such as random access memory (RAM), read only
memory  (ROM), floppy disk, hard disk, or any other form of digital
storage, local or remote. The  support circuits 346 are coupled to the CPU
344 for supporting the processor in a  conventional manner. These circuits
include cache, power supplies. dock Circuits,  input/output ci=ltry and
subsystems, and the like. The inventive method is generally  stored in the
memory 342 as a software routine. The software routine may also be  stored
and/or executed by a second CPU (not shown) that is remotely located from
the  hardware being controlled by the CPU W. 100501 FIG. 4 is a table 400
summarizing the process parameters of the isotropic  plasma etch process
described herein using the OPS HT reactor. The process  parameters
summarized in column 402 are for one exemplary embodiment of the  invention
presented above. The process ranges are presented in column 404.  Exemplary
process parameters for removing polymeric residue layer 207 are  presented
in column 406. It should be understood, however, that the use of a
different  plasma etch reactor may necessitate different process parameter
values and ranges.  [vast] The Invention may be practiced using other
semiconductor wafer processing  systems wherein the processing parameters
may be adjusted to achieve acceptable  characteristics by those skilled in
the art by utilizing the teachings disclosed herein  without departing from
the spirit of the invention. [00521 Although the forgoing discussion
referred to fabrication of the field effect  transistor, fabrication of the
other devices and structures used in integrated circuits can  



benefit from the invention. 11 1UOs3 Wt11le the foregoing is directed to
the inustrative embodiment of the present  invention, other and further
embodiments of the invention may be devised without  departng from the
basic scope thereof, and the scope thereof is determined by the  claims
that follow. 12 What Is claimed is: A method for removing post-etch
residue, comprising: (a) providing a substrate having a p0lyaillcOn layer
formed an a hafnjurn- containing layer, (b) forming a pattemed masK on the
polysillcon layer, (q) plasma etching the polysilicon layer, wherein a
polymeric residue is  deposited an tMe substrate; and (d) removing the
polymeric residue using a plasma comprising orte or more
fluorucarbon-conWining gases. 9. The rnethod af claim I wherein the
hafnium-containing layer comprises a  material selected from the group
oonsisting of hafnium dioxide (HfCQ. hafniurn silicon  dloAde (WS104,
hafnium silicon oxynitdde (Hf8iON). I .3. The method of claim 1 wherein the
fluorocarbon-containing gas of step (d)  comprises one 'Or More gases
selected from the group consisting of carbon  letrafluorlde (CR,),
tffluoromethzine (CHFs) and fluoroothane (C2Fe). 4. The method of claim I
wherein the fluorocarbon-containing gas of step (d) has a  sclectivIty for
the polymeric residue over the hafnium-containing layer of at least about
5. The method of claim 1 wherein the fluorocarbon-containing gas of step
(d) has a  selectivity for the polymeric residue over the polyutilioon
layer of at least 1: 1  a. The method of claim 1 wherein step (d) Is
perfomed at a aWstrate temperature  between 200 and 360 degrees Celsius, 7.
The method of claim I wherein th~ step (d) comprises: 



providing carbon tetrafluoride (CP4) and nitrogen (N2) at a flow ratio
OF4.-N2 in a  range f mm 1:8 to 40, 1; maIntaining the substrate at a
temperature between about 200 and 350 degrees  is Celsius;  applying power
to an inductively coupled antenna between about 200 and 2000 W; applying a
cathode bias power of not greater than about 30 W; and  maintaining a
chamber pressure between about 2 and 50 mTorr. 8. A method for forming a
gate structure of a field effect transistor, comprising: (a) providing a
substrate having a gate electrode layer formed on a gate  dielectric layer
over a plurality of transistor junctions defined on the substrate; (b)
forming a patterned mask defining a gate structure on the gate electrode
layer, (c) plasma etching the gate electrode layer to define the gate
structure therein,  wherein a polymeric residue is deposited on the
substrate; (d) removing the polymeric residue using a'-plasma comprising
one or more  fluorocarbon-containing gases: and (e) plasma etching the gate
dielectric layer to define the gate structure therein. 9. The method of
claim 8 wherein the gate dielectric Layer comprises a material  selected
from the group consisting -of hafnium dioxide (Hf02), hafnium silicon
dioxide  (HfS102), hafnium silicon oxynitride (HfSICN)_ 10. The method of
claim 8 wherein the gate electrode layer comprises polysilicon. 11. The
method of claim 8 wherein the steps (d) and (e) are performed sequentially
in one processing chamber. 12. The method of claim 8 wherein the
fluorocarbon-containing gas of step (d)  comprises one or. more gases
selected from the group consisting of carbon  tetrafluoride (CF4),
trifluoromethane (CHFF) and fluoroethane (C21's)_ 13. The method of claim 8
wherein tVe fluorocarbon-containing gas of step (d) has a  



selectivity for the polymeric residue over the gate dielectric layer of at
least about 50:1. 14 14. The method of claim 8 wherein the
fluorocarbon-containing gas of step (d) has a  selectivity for the
polymeric residue over the gate electrode layer of at least 1:1. 15. The
method of claim 8 wherein the at least one inert gas of stop (d) Is
selected  from the group consisting of nitrogen (N2), argon (Ar) and neon
(Ne) 16. The method of claim 8 wherein step (d) Is performed at a substrate
temperature  between 200 and 350 degrees Celsius. 17. The method of claim 8
wherein the step (d) comprises: providing carbon tatrafluoride (CFA) and
nitrogen (N2) at a flow ratio CFA.-NP In a  range from 1:5 to 40:1. 18. The
method of claim 8 wherein the step (d) comprises: providing carbon
tetrafluoride (CFA) and nitrogen (N2) at a flow ratio CF4:Na in a  range
from t :5 to 40:1; maintaining the substrate at a temperature between about
200 and 350 degrees  Celsius; applying power to an inductively coupled
antenna between about 200 and 2000 W; applying a cathode bias power of not
greater than about 30 W; and  maintaining a chamber pressure between about
2 and 50 rnTorr. 19. A computer-readable medium containing software that
when executed by a  Computer causes a semiconductor wafer processing system
to fabricate a gate  structure of a field effect transistor using a method,
comprising: (a) providing a substrate having a gate electrode layer formed
on a gate  dielectric layer over a plurality of transistor Junctions
defined in the substrate; . (b) forming a patterned mask defining a gate
structure on the gate electrode  layer, (0) plasma etching the gate ale Ion
layer to define the gate structure therein,  wherein a polymeric residue is
deposlte{ on the substrate, 



(d) removing the polymeric residue using a plasma comprising one or more
fluorocarbon-containing gases; and 15 (e) plasma etching the gate
dielectric layer to define the gate structure therein. 20. The
computer-readable medium of claim 19 wherein the gate dielectric layer
comprises a material selected. from the group consisting of hafnium dioxide
(HfO2),  hafnium silicon dioxide (HfSiOg), hafnium silicon oxynitrlde
(HfSiON). 21. The computer readable medium of claim 19 wherein the steps
(d) and (e) are  performed sequentially in one processing chamber. 22. The
computer-readable medium of claim 19 wherein the fluorocarbon-containing
gas of step (d) comprises one or more gases selected from the group
consisting of  carbon tetrafluoride (CF4)1 tijtluoromeitiafe (CHFF) and
fluoroethane (OPFe). 23. The computer-readable medium of claim 19 wherein
the fluorocarboncontaining  gas of step (d) has a selectivity for the
polymeric residue over tie gate dielectric layer  of at least about 50:1.
24. The computer-readable medium of claim 19.wherein the
fluorocarbon-containing  gas of step (d) has a selectivity for the
polymeric residue over the gate electrode layer  of at least 1:1. 25. The
computer-readable medium of claim 10 wherein stop (d) is performed at a
substrate temperature between 200 and 350 degrees Celsius. 1  r 16 


